Apple fruit quality depends on a number of factors including the type of breeding and consequently the pruning techniques adopted and storage conditions. Two types of breeding were taken into account concerning 'Golden Delicious' apples from Aosta Valley orchards: Fuseau Fougères (FF) and Solaxe with extinction (short shoots or lamburdes thinning) according to Lauri and Lespinasse, 1998 (SE). Fresh and dry weights, soluble solid content, titratable acidity, firmness and volatile compound emission were analysed at harvest and during controlled atmosphere (CA) storage. Volatiles extracted in methylene chloride were separated and identified with a GC/MS. Dry weight and soluble solid content (°Brix) were significantly higher for apples picked from SE trained trees, both at harvest (PRO) and throughout AC storage (PRO-PR4), and for both years taken into account. Aromatic compounds detected were classified as aldehydes, aliphatic acids and alcohols, benzene derivatives, chetons, ethers, esters, lactones, norisoprenoids and terpenes. The volatile compounds 1-butanol, hexanol, 2-exenal, acetic and hexanoic acids, eugenol and 1-butanol-2-methylacetate were largely represented both at harvest and after storage.
INTRODUCTION
Fruit quality can be defined as being what makes fruit appealing to the various senses: sight, touch, taste and smell. It is a sum of both the external and internal characteristics of a fruit (Sistrunk and Moore, 1983) . For consumers apple quality is linked both to the perception of various classes of chemical compounds such as sugars, acids, volatiles, and to physical characteristics such as firmness, texture and juiciness of the flesh (Fideghelli, 1988) . Apple fruit quality depends on a number of factors including the type of breeding and consequently the pruning techniques adopted and storage conditions.
It has been demonstrated that, for apple trees, the Solaxe training system with extinction (short shoots or lamburdes thinning) according to Lauri and Lespinasse, 1998 (SE) , if compared to the Fuseau Fougères (FF) pruning technique, determines a general increase in class size (Diemoz et al., 2002) . In fact the SE technique is more respectful of the tree physiology and even if it results in an increase in vegetative size in apple trees, it allows the tree to preserve its natural balance. Moreover this new type of orchard management system leads to a general improvement in colour, due to the fact that fruit formation is better spaced out allowing the apples a uniform exposure to sunlight ((Diemoz et al., 2002) . Another important advantage of the Solaxe training system with extinction is that trees become less sensitive to parasites thus favouring the penetration of spraying, thanks to the fact that vegetation is more aerated, and a drier microclimate which is unfavourable to the development of various cryptogamic diseases such as apple scab (Larrive, 2002) . Two other aspects in favour of SE management from a technical and productive point of view, are the maintaining of regular production over a number of years, important above all for alternating varieties (Diemoz, 2002) and a reduction in labour costs (Larrive, 2002) .
CA storage determines a reduction of 'Golden Delicious' apple total aroma concentration (Streif and Bangerth, 1988; Ferrandino et al., 2001) . Apples stored in CA have a reduced capacity to produce esters; this has been shown to occur in 'Pacific Rose' apples already after 4 weeks in CA (Tough, 1999) .
Seeing as the Solaxe training system with extinction presents many advantages compared to the Fuseau Fougères, this work reports the preliminary results of a study on the effects exerted by the pruning techniques and CA storage condition on apple fruit quality and on the volatile composition of 'Golden Delicious' fruit.
MATERIALS AND METHODS
'Golden Delicious' apples were harvested in an Aosta Valley orchard at 1000 m a.s.l. in autumn 2001 and 2002. Two management systems on rootstock M9 were present in the orchard: Fuseau Fougères (FF) e Solaxe with extinction (SE). We harvested the entire top quality production (size > 75 mm) from about 30 apple trees at the same stage regarding vegetative development and amount of fruit production. The apples were harvested when the internal ethylene concentration reached about 0.6 ppm. Ethylene concentration was determined by gas-chromatography (GC 8500 Perkin-Elmer; column 2 m, 1/8, 80/100, Porapak_QS, Supelco Co., Bellefonte, PA) according to Duverney et al. (1992) .
At harvest (PR0) the following general quality parameters were determined for 32 fruits per treatment, each divided into two groups of sixteen: fresh and dry weights, soluble solid content (°Brix), titratable acidity, firmness (hand penetrometer, tip 11 mm). Fruit were put in CA storage (1.8 % O 2, 2.8% CO 2 ) at 1°C and analysis were carried out again in January (PR1), March (PR2), May (PR3) and June (PR4). Before the analysis, apples were left in regular atmosphere (RA) at 15-18 °C for one week. Aromatic compound concentrations were detected according to the methodology proposed by Di Stefano, 1991. Volatiles determination was carried out by injecting 1 µl of methylene chloride extracted into a GC-MS PerkinElmer (GC Autosystem XL -MS TurboMass). Separations were performed on a 30 m x 0.25 mm id., 0.25 µm film thickness DBWAX column (J&W). Helium was employed as carrier with a flux of 1 ml/min. The mass spectra were obtained by electron impact at 70 eV in the range of 15-350 amu. Peak identification was based upon mass spectra in comparison with the NIST library and with our data library, set up for previous research, with the help of the Experimental College of Oenology in Asti. Quantification of volatiles was made by the internal standard method. The statistical analysis of the results (ANOVA monovaried) programme was carried out using the SPSS © programme .
RESULTS AND DISCUSSION
The analysis regarding the general quality parameters resulted in significantly higher values for dry weight and soluble solid content (°Brix), for apples from trees bred with the SE system, both at harvest and throughout AC storage, for both years (Table 1) . The two pruning techniques did not determine significant differences regarding fresh weight, titratable acidity and firmness because of the variation between the replicates within the same treatment.
In the volatile composition of apples, 38 components were identified, classified as aldehydes, aliphatic acids and alcohols, benzene derivatives, chetons, ethers, esters, lactones, norisoprenoids and terpenes (Table 2 ). The volatile compounds 1-butanol, 1-hexanol, 2-exenal, aceti and hexanoic acids, eugenol and 1-butanol-2-methylacetate were largely represented both at harvest and after storage. At harvest, the SE fruits were on the whole richer in aromas, except for the ester and cheton content, though this difference was not statistically significant. Throughout the AC storage period, the aromas were rather variable and consequently the variance analysis did not highlight a significant effect due to the pruning technique.
The analysis of the results registered during the entire observation period seems to highlight a certain improvement in quality following the introduction of the innovative SE system, in accordance with the objectives suggested by Diemoz et al., 2002 . The importance of obtaining a lasting vegetative and productive balance in apple trees so as to secure top quality fruit needs to be stressed.
CONCLUSIONS
Introducing the Solaxe with extinction (short shoots or lamburdes thinning) allows us to render the selected fruit production sites perennial with the aim of bettering productiion in time (Larrive, 2002) . Analysing the data obtained partly confirms this aim.
The fact that Solaxe trained trees have a larger vegetative volume compared with the FF system justifies a higher dry matter content and therefore also a higher soluble solid content.
The pruning technique does not seem to influence the fruit aromas even if the average concentrations of volatile substances found in general were higher in apples from SE trained trees. Therefore the results obtained in these preliminary studies need to be confirmed. For this reason the work described so far will be continued in the future. ns: non significant; *: significant at the 0.05 P level. 
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